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PURPOSE OF THE INVESTIGATION. 

N THE PROCESS of the manufacture of cocoa, the cocoa beans 
are roasted, the shells removed, the nibs crushed in a mill, and the 
resultant product placed in a press whereby a part of the cocoa 

butter is removed. The press cake is then ground and sifted to 
form the cocoa of commerce. By the removal of this portion of fat 

_ the color of the cocoa is made considerably hghter. For many years 
it has been the endeavor of manufacturers of cocoa to darken the 
color of the cocoa so that it would more closely resemble chocolate. 
‘This effect has been sought in various ways, but the most prevalent 
‘method is by the addition of alkalies or alkaline carbonates. Am- 
monium carbonate and magnesium carbonate have also been used 
with this end in view. In this article the term “‘alkali treatment’’ 
will be understood to include the treatment of cocoa not only with the 
alkalies or alkaline carbonates, but also with such salts as ammonium 

carbonate and magnesium carbonate. This process is quite generally 
known as the ‘Dutching”’ process, and the cocoas made therefrom 
as “‘Dutched” or ‘“‘Dutch process” cocoas. The name is derived 
from the fact that this method of treating cocoa originated in Holland. 

_ Attempts have been made at various times to develop this en- 
hanced color by means other than the addition of chemicals. Treat- 
ment with steam, under pressure; wetting the cocoa and allowing 

45789°—18—Bull. 666—1 
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it to ferment and then stopping the fermentation by heat; or simply ’ | 
adding water to the cocoa and heating the product to drive off this | 
added water, have all been employed. When alkalies are used, the | 
cocoa beans are partly roasted, then cracked, and the shells removed. — 
The nibs are then treated, either in the roaster or in a separate 
kettle, with the salt dissolved in water, or, in the case of magnesium 
carbonate, made into an emulsion with water. The roast is then 
finished, heat being applied gradually to drive off the water com- | 
pletely. Sometimes this procedure is varied by roasting the beans | 
entirely and cracking and winnowing them, adding the chemical 
to the cracked nibs in a water-jacketed kettle and applying heat until | 
the product is dry. Although the first occasion for the employment 

of any of these methods was undoubtedly an attempt to develop a 
darker color in cocoas, it was later claimed that the alkali treatment — 
renders the cocoa more soluble in water. There is practically no | 
doubt that any of these treatments produces a cocoa which forms 
a more perfect suspension in the cup and which does not separate 
as readily from the water solution as does an untreated cocoa. This © 
is largely due to the fact that a portion of the starch is gelatinized | 
by the action of the water in the treatment of the cocoa. It is also © 
claimed that the alkali disintegrates some of the cell walls, and in this | 
way enables the cocoa to stand up better in the cup. | 

This investigation was undertaken primarily with a view to ascer- — 
tainmg whether the alkali treatment does in fact render the cocoa 
more soluble, and what changes take place in the cocoa as a result | 
of this treatment. Comparatively little work has been done on the — 
subject of alkali-treated or ‘‘Dutched’’ cocoas, and practically |) 
none with the object of the investigation here reported. . | 

Farnstemer + has made an exhaustive study of the effect on the 
cocoa ash of the addition of varying amounts of potassium carbonate — 
and magnesium carbonate to cocoa. His work was carried out by | 
treating the raw cocoa bean, which had been shelled and ground as 
finely as possible, with a definite amount of these reagents, ashing 
the mixture, and determining the ash constants on this product. 
In addition to this, he has worked out formulas for the determination 
of the amount of alkali used. He also examined a large number of | 
cocoas in the same way, and endeavored from his researches to 
determine the percentage and kind of alkali employed. Other refer- | 
ences to treated cocoas may be found in ‘‘Cocoa and Chocolate.”’? | 
Practically the only subjects treated of in this book are the ash 
constants and the method of manufacture of Dutch process cocoa. 

1Z. Nahr. Genussm. (1908) 16: 625-645. 

2°;Whymper. P, Blakiston’s Son & Co, (1912): 103-110, 117, 231-238, 
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DESCRIPTION OF INVESTIGATIONAL SAMPLES. 

Practically all samples analyzed in this nvestigation were obtained 
directly from the manufacturer, the kind and percentage of alkali 
employed being known in nearly every case. As far as possible, 
samples were obtained from the same manufacturer of both treated 
and untreated cocoas made from the same blend of beans, ascer- 
taining where possible what beans were used in the blend. The 
samples taken represent the products of a large majority of the 
manufacturers of so-called ‘‘Dutch process’”’ cocoa in this country, 
and also four of the most popular foreign brands. In addition to 
these, samples were taken of plain cocoas manufactured by those 
concerns which made no ‘‘Dutch process’’ cocoa, for the purpose of 
determining the constants of a plain cocoa which could by no means 

be contamimated with a ‘‘Dutched’’ cocoa. Moisture and fat de- 
_ terminations were made on each sample so that all other determina- 

tions could be calculated to a moisture and fat free basis and the 
results made comparable. Table 1 gives the number of each sample, 
the variety of bean, the kind and percentage of alkali, and the 
amount of moisture and fat. Moisture was determined by drying at 
the temperature of boiling water for four hours. The fat was deter- 
mined by extracting the sample in a Knorr extractor with anhydrous 
ether for four hours. 

TABLE |1.—Description of samples. 

Blend. Kind and percentage of alkali. Moisture. Fat. 

Per cent. | Per cent. 
Soe ceeg od cee ee ws ne ee eee MERE Abed eases Stee ee, aes. wages 4.07 17. 81 
SAITOH empresa 2.5 per cent potassium carbonate. -.... 2. 34 18. 98 
Accra, Bahia, Guyaquil............- WLeatMb rea te dey seen ese aes ese 4,31 18.45 
INEGI SEONG a¥eyAa8 Uo Sa ee pe 3 per cent potassium carbonate. .....-. 1.98 21.15 
Ciyaquil Bahiaeess bao cs ci ss cee 2.5 per cent potassium carbonate-..... 2.47 23. 56 

Beet AMO lear aie 25275 2 CS Uo DCE CEE 0.32 per cent ammonium carbonate, 4.40 20. 65 
1.65 per cent potassium bicarbonate, 
0.15 per cent sodium bicarbonate. 

SANCHEZ LGV ACW. oe sce 2.84 per cent sodium bicarbonate... ... B78} 20. 90 
Guyaquil, Sanchez, La Guaira, | 2 per cent potassium bicarbonate, 1 3.49 | - 20.23 
Bahia. per cent ammonium carbonate. 

Trinidad, La Guaira, Bahia, San | 0.663 per cent potassium carbonate, 3. 49 18. 22 
Thome. o.28 per cent ammonium carbo- 

nate. 
Bahia, Arriba, Trinidad, Porto Ca- | 2 per cent potassium bicarbonate, 1 3. 94 19. 20 

bello, Maracaibo, Ceylon. per cent ammonium carbonate. 
ac scesee ce cSCe HE See ee 2.5 per cent potassium carbonatfe....-. 2.92 25. 28 
= OC CRE GUO B EDO OG OE eUASCOE na SA aea aes Peer CLG) Bese S epelee ees ie ate ee a ent 3. 03 17. 90 
Re een no Se nes gee <4 = WHIT Caled acon sen enone ene 3. 78 16. 62 
RS a pees i saee i aeles de See 2 Wiatern treated ss. ssfacteccsscteeeccmes 3. 07 20. 12 
DaMCIASE Em eee Pema lee 2.5 per cent potassium carbonate, 10 3. 19 25. 48 

per cent water. 
SRN ECIMste 3 bs Coe eee 1.5 per cent potassium carbonate, 1.5 4.55 20. 68 

per cent sodium carbonate. 
_ dd ce SVS ER ORE RE Sodiumicarbonatey- 45-25-25 skeee nee 2. 74 22. 37 
sede decide 36 boos Pepe a eS ee ere CLO a eR ye ers GO Sa aie ae ae 2. 60 21.18 
Panchez, Memidad’s..- sey jocce se oe Wntreateds: 25s) 2k ce eee eee 3. 62 21. 28 

| See Ghee sob seep nesses eee ee 2.5 per cent sodium carbonate-...-.... 2. 50 Ze 
soncde eS nce eee SE re aE sie are 2 per cent sodium carbonate..........- 2. 81 2352 

See ee es on tS 2 Se 2 a 1 per cent potassium carbonate. ...-.--- 1.95 20. 68 
SIMO ASIA Deen ie neh oe Bee kote 8 (Untreated ee eet ee oe deen ea 2.65 15. 89 

Fe ee a ore is nse Seta Ce bee de lest os 1 per cent potassium carbonate. ....--. 1. 80 18. 84 
Sa PUMP ee Soi eae = ese NEP ie So lWintreatedeeee ne tee nee ete. 4.30 PPT 

SETIDGG UES 7 aeC Ee 6 aan ene nan 4 per cent ammonium carbonate... .-.! 4.78 20.18 
” "ooo cbetetceeaee eee BHermentation procesSz-a-2 +. sce ss ce eee 3. 83 28. 35 

ES alii Somer tae eters dees. dicijn~ 1 per cent potassium carbonate......-.) 4.38 17. 42 
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TABLE 1.—Description of samples—Continued. 

No. | Blend. Kind and percentage ofalkali. Moisture.| Fat. 

Per cent. | Per cent. 
DOT aha Pee wei eee eee ae Untreatedis sac 5 se eee eee 5. 00 17. 96 
SOE Se =. cee er nae Seen ein ote ere meee ate | teroters dO} 3 See 8 AER ee eee ee 3. 30 21. 59 
SiuOAM Cas BOs eee a ae ee ee eee 2 per cent sodium carbonate........... 3.25 20. 63 
Se Yeeeah nets see Se ee eee Untreateds 22-2 5 ae eee a eee 4.56 12. 37 
SB aI SATO AS BOR ee een oes eee 3 per cent sodium bicarbonate......... 3.50 16. 54 
34) Lmported' cocoa, alkali treatedie= eli 22 eee ree ee eee ee eee 4. 64 28. 37 
319): | aes GOs as ee Sains oe cas EE a a Se eee ee 4.60 27.4 

DS Oa eee eee end Wee Oa One es eee Untreated: 2 ees ee eee 33 UD 24. 44 
Si2\pim ported cocoa, alkali treatedias-4¢ -|f-ceeess=ooe aac e eee eee eee eee bale 25. 10 
SSaseeee CLO pe ee OS AR ere mee Mins Mon arian Saar Or Sach ood osUndoosoneSe 3. 96 24. 42 

130 Bee neers. eas eine cs Senora ae Untreated 232 sce aeee ae epee 2. 81 22. 50 
RA (i | eet sae Ser 3 Eo UE Came ro arene caer (Ler Ratner pea couadomeee 4. 80 25. 20 
LW. 8 bel ee Bod So oes eR On CaN eC Oar Sen ea Bese dOfe Moni eee eee 4.18 23. 42 
VAD Arriba. erimiGd ad sae sess ee aera ee age GOSS Se cpeet 2 OR  ee eare Ree ieee 2.05 23552 
143 | Arriba, Bahia, Accra, Sanchez-...--.|----- Ges i Soo es Sete ve ep ees eee 2. 00 23. 22 

AGA seen ae cia ee ers eee eames woe eee GOL 2 Da ee ee eee 3. 61 15. 52 
YAS) 3 Mee a SR a Sy te oe Ae S| LR ere GOt a PRS See eee eee 3.90 26. O1 
AGHIESAINC ASA diee Sree ens ee ee ae 1 per cent ofa mixture of magnesium 3. 66 18.77 

carbonate and potassium carbonate. 
AT te a EE sce ee NR es EE ee ‘Untreatedst Ss) =". ae eee = reese eeeee 4. 62 18. 60 
ASS emia eae eens Sar eet 8 Ce eS eee GOs sae e SR ah eth en ene oe 4.73 21. 83 
AQ Ete Rie eee see Pow Se REN (5k ERR ih. Be 1 per cent of a mixture of magnesium 2.75 28. 40 

carbonate and potassium carbonate. 
AO) | besestteyes Mee ee Ae ae eine a Re 1.75 per cent magnesium carbonate.... 3. 00 30. 00 
ELS | eee een ae ee Seca ee ena aa eee Untreatediaies sists. 22 eee ee 4.78 25. 94 
EZ | earners & Siete es REM e es Syke ey eNO haa 2 per cent of a mixture of magnesium 3. 70 19. 83 

carbonate and potassium carbonate. 
SP aes eee as Ree ee ie ae an a oe 1.5 per cent of a Mixture of Magnesium 6.12 28. 63 

and potassium carbonates. 
EA ies ae nn Sema An ee as ee Untreatedsess 25 ee eee 5.31 21. 98 

1 ES) «| a on See eR Nn Cian Sa ak Ae ee aE Te (6 Koa aru ty oS ENS Mau UR SS 2. 83 21.23 
1 Nal bea eS Oe aS pce asah Ss Oe eee eee oe Goze. Ste 5X eee eee ee H 2.46 24. 48 
5/7 || ene ned Way ears Bee coy 2k A ae do=i.) le. she. Siege Poeearrs(ns 22. 68 
A See ee a eee eee ma ee hk FS BU eee COE. t eae: See eee nn } 5. 21 22. 68 

1 Manufactured by concerns which make no “ Dutch process” cocoa. 

As the percentage of moisture in the alkali-treated cocoas varies 
from 1.80 to 6.12 per cent, and in the untreated cocoas from 2 to-| 
5.31 per cent, it is evident that practically all the water which is 
added in the treatment is driven off. 

The percentage of fat in the alkali-treated cocoas varies from 
16.54 to 30 per cent; that in the untreated cocoas varies from 12.37 
to 26.01 per cent. Judging from these results, it is possible to 
remove more fat from the untreated cocoa than from a treated one, | 

inasmuch as there are three samples of the untreated cocoas which | 
contain less fat than the minimum of the treated cocoas. In cases | 
where the treated and untreated cocoas are made from the same | 
blend of beans and in the same way, almost invariably the alkali- | 

treated cocoa contains a higher percentage of fat. 

ANALYSES OF UNTREATED AND TREATED COCOAS. 

Determinations of total ash, water-soluble and water-insoluble 
ash, alkalinity of the soluble ash, alkalinity of the insoluble ash, and 
protein were made on each sample. The Gunning method was used 
for the determination of nitrogen. The other determinations were 
made in the ordinary way, using methyl orange as an indicator in 
the titration of the alkalinities. . The results obtained are given in 
Table 2, which contains the analyses of the untreated cocoas, Table 3, 
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containing the analyses of the treated cocoas, and Table 4, showing 
the result of alkali treatment by listing the treated and untreated 
cocoas of the same blend together. All results are calculated to a 
moisture- and fat-free basis. 

TABLE 2.—Analyses of untreated cocoas. 

eva Alkalinity of ash (N/10 acid 
yt per gram. of sample). 

Protein 

a Wat Wat Wat Wat OP aa ater- ater- ater- Jater- 
Total soluble. |insoluble.| soluble. |insoluble. Total. 

Per cent. | Per cent. | Per cent. Cok Ce. Ce. Per cent. 
1K0) shes 0 DT BO 5 ee a Ae ge Oe 7.94 2.81 Sells 3.05 5.05 8.10 30. 32 
PERS ae gel Rye OOS ae ee 8.57 354: 5. 03 2.70 5. 50 8. 20 29. 84 
2H GSS SG GS Oe ERC eee eat eens sie 23 4.81 2.40 5.15 7.55 Set oil 
BUSES Cbs GOS eS Rea eee een 7.16 2.99 4.17 2855 4.80 7.35 33. 48 
RBs ease OEE. Ae oe eee ae eer 7.05 2.79 4, 26 225 5. 00 ano 33. 20 
Ocho d Aes Sees Caen eee 7.50 2.81 4.69 2.30 4.95 725) Ble33 
HOT SIIB ek SIS Ce eeraae ei ea 8.30 2.74 5. 56 25.05 5. 60 7.95 33. 43 

| 1 cobb SUCRE SSS eras ee eee 8.16 DRS TAS) 5. 41 1.95 5.65 7.60 33. 84 
1S Sets Baar ee ee eS es oa a ee 7.28 1.59 5. 69 2.50 Heald 7.65 32.03 

; Ld Dcsee Seo SES CR a Res Se see mae Pes ele 2.74 4.43 2.25 5. 25 7.50 33. 63 
Deseret tea ar. Waco Sate Sti 6.94 2.66 4,28 1.90 4.70 6. 60 30. 02 
SN SiS SR RNR ORE a Sey ee er 7.63 Death 5. 26 2535 5.35 7.70 32. 74 
LA SS GSC aE a so eae oe 7.32 2.02 5. 30 1.80 4.70 6. 50 26.78 

1 Ses SOR es SO RS ee me en 6.99 2833 4. 66 2.10 4.90 7.00 31.58 
Eis yee end Deis eretepls Sees eta 6.94 2.15 4,79 2.00 5. 25 1.25 31. 61 

50! 2 5 ER ere Gee es ee 7.80 2. 20 5. 60 2.00 Sel (eal) 29.79 
TE eal GB SE 6 IRs ween Ar SSI ete 7.95 2.46 5. 49 2.45 5.05 DO 31.68 
NB coda ae See OR Se nae 7.56 2.46 5. 10 2.45 Heal 7.60 33. 54 
TY. oe 2 Rear eo ree ee Sane era 7.56 2.08 5. 48 2. 20 5. 60 7.80 31. 49 
Fy: Sea aber See etre aR oe eles 8.97 2.48 6. 49 2235 Lraltss 7.50 31.55 

Weta lines Seeeernooct 8.97 3. 54 6.49 3.05 5. 65 8.2 33. 84 
Miminmitimesassesee ee 6.94 1.59 4.17 1.80 4.70 6. 50 26. 78 
PANIC ACO here Sees Se 7. 62 2. 54 5.08 2.30 Beall 7.45 Bly 7) 

PI ite enc ty: Ss UT AS ea Weak: Suro 3. 45 3. 20 4.90 8.10 31.93 
LS ey ERI EG a ce oe ae 8.10 4.62 3. 48 4.00 4.35 8.35 31.08 

LL 2 Sees eae eee inn eee ee ne UWoevl 3. 88 3. 49 3.35 4.60 8. 00 32.97 
Es cg eS Sea I 8. 34 4.61 3.73 4.05 oa) 9. 30 31. 48 

© soc SE ee re rae 9. 80 7.44 2.36 6. 80 4.90 11. 70 30. 33 
tL ead MRR ee Rea Ee ae Pi 7.49 4.18 Buell 3.25 4.45 7.70 33. 64 
PEE png toe ER a 8.45 1.61 6. 84 eel) 6.35 7. 50 40. 03 

Samples 1, 13, 29, and 30 were supposed to have been untreated 
cocoas, but nen were made in a factory which also makes treated 
‘cocoas. Judging from the analytical data, they were contaminated 
Brith a certain amount of alkali-treated cocoa during the process of 
| manufacture, for which reason they are excluded from the averages. 
aa 3 was supposed to have been made by the straight steam 
treatment in place of having any added alkali. Sample 14 was 

| by thoroughly soaking the nibs and reroasting. These sam- 
ples, however, were made only on an experimental scale. Inasmuch 
| ‘as they were van through the regular cocoa machinery in which 
“Dutch process’ cocoa had been made, they were undoubtedly 

|) contaminated, as were the other samples. Sample 27 was made by 
| a fermentation process, wetting the nibs and allowing them to fer- 
“Inent for some time in a warm place before finishing the roast. It 

will be noticed that the indicated protein in this sample is excep- 
i t tionally high. This would lead to the conclusion that a certain amo znt 
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of some ammonium salt was added to these nibs, either during the 
fermentation or in the water in which they were soaked. 

TaBLE 3.—Analyses of alkali-treated cocoas. 

Alkalinity of ash (N/10 
Ash. acid per gram of 

sample). . 
Protein 

No. Alkali. | Se 

= Water- | Water- etal 
Total. eee insol- | ae insol- | Total. 

| “| uble. uble. 

Perc: |Renck| penck. Cec Ce Ce. -| Perc: 
4 | 3 per cent potassium carbonate. .-.-...---. 11.45 6.52 4.93 7.90 4.20} 12.10 32.72 
2 | 2.5 per cent potassium carbonate. .--.--.. 8.36 4.89 3.47 4.00 4.90 8.90 31.72 
| eee CG shad ee eli rs aS oe areenere ne Lae 10. 52 6.63 3.90 5.90 4.55 | 10.45 32.57 

iil | Seeee COS ae ae Pies Se eee ee eee 11.49 8.75 2.74 Us 6.15 | 13.40 33.18 
2 ee GOR eC eee ih eee ee ee 11.00 8.08 2.92 7.35 5.40 | 12.75 33.79 
15 | 2.5 per cent potassium carbonate and 10 | i 

Percent watereee es sees eee 11.07 8.87 2.20 MetD 4.80; 12.55 32.20 
28 | 1 per cent potassium carbonate. .--....--- | $8.31 5.98 2.33 5.10 4.80 9.90 33.04 
AS Sees GOSS ea ee Sree aoc oe eee 907 B22 3.85 4.80 5.355] 40545 31.45 . 
PI | reese 6 6 eRe semen Seam eee 9.20 5. 82 3.38 5.45 5.35 | 10.80 32.59 
33 | 3 per cent sodium bicarbonate....-.--.---- 8.76 6. 54 2.22 6.65 5.05 | 11.70 32.37 ae 
7 | 2.84 per cent sodium bicarbonate. .--.--. 10.48 7.96 2252 6.60 5.90 | 12.50 31.09 ae 

20 | 2.5 per cent sodium carbonate.......--.- 11.45 8.17 3.28 | 11.15 5.25 | 16.40 29.57  s 
21 | 2 per cent sodium carbonate.......------ 10. 97 8.15 2.82 9.95 4.90} 14.8 28.71 2 
SIR en OhO ee Serene ae a aeeen Aer 10. 23 7.54 2.69 8.60 5.30 | 13.90 29.62 
18 | Sodium carbonate!_-..-.--------.------: | 11.39 6.99 4.40 7.70 5.30 | 13.00 30.45 
fleece On sss Bee a nes pease Rene | 9.60 fae 2.28 8. 20 Hi Tea 32.17 
26 | 4 per cent ammonium carbonate. --.---- 7.66 2.87 | 4.79 225 5.10 TARE 36.18 
50 | 1.75 per cent magnesium carbonate....-- 8.91 2.43 6.48 2.40 6.20 8.60 30.69 
8 | 2 per cent potassium bicarbonate and 1 

per cent ammonium carbonate..-..-.-- | 9.50] 6.97] 2.58 6.25} 5.40] 11.65} 31.29 
10,152. Ose Fe 22 Ok ee ee ee | 8.59] 5.75| 2.84] 4.25] 5.50| 9.75] 31.63 
16 | 1.5 per cent potassium carbonate and 1.5 

per cent sodium carbonate. -.-........-- 11.62 9.36 2.26 | 40.35 4.85 | 15.20 31.92 
9 | 0.66 per cent potassium carbonate and 

0.33 per cent ammonium carbonate...-} 9.15 Deoe 3. 83 4.40 5.55 | 9.95 31.29 
52 | 2percent (magnesium carbonate and po- 

Lassignycarpon ae) ==> o-oo eee 7.78 4.25 3553 4.10 5:25 OS ieee 
53 | 1.5 per cent (magnesium carbonate and 

potassium’ carhonate)=—---s-eee-a=e-e ee 8.29 4.75 3. 54 4.45 6.35 | 10.80 33. 52 
46 | 1 per cent (magnesium carbonate and 4 

potassium carbonate). --...-.--.------- (ey | SLAY 4.35 3.15 5.05 8.20 31.31 
AQ Noses: GO 2S areca eee eee ees seins | 9.32) 5.08| 4.24 4.50 5.00 9.50 30.82 
6 | 1.65 per cent potassium carbonate, 0.15 ll 

per cent scdium carbonate, and 0.22 7 
per cent ammonium carbonate......--. 10. 69 1219" -2,90 6.90 4.20 | 11.10 30.97 z 

(UR EU INTE (epee eee pees eM Ree SBI 11.62] 9.36] 6.48] 11.15] 6.35,| 16.40] 36. 153Re 
MANN INAS aaa oe et ce oe 7.66 2.43 | 2.20 2.25 4.20 7.39 27.75 
AN CLAUCnemer eee eer P re eee ea ene eee 9.7 Beas} S33 5.46 5e21" | 10567, 31.88 

34) Tmporbed so c7 Snes nsec ee ee ee 10. 10 7:94) 236 7.40 5-35) | alas 33.00 | 
Ate esee Ost ach soe eee he eee Pe ees 13.30 9.95 3.35 7.50 3.25] 42.575 33.82 
STalt cass OG. es ae en ee mead 11.42) 8.27] 3.15] 7.10] 3.50] 10.60| 31.35ammm 
 telhl aae GO is2 ei eee ee ee se eons 11.94 9.80 2.14 9.00 3.00 | 12.00 30. 84 a 

: i” 

Sample 2 was supposed to have been made by the addition of 2.56 | 
per cent potassium carbonate. The results obtained, however, would 
seem to indicate the addition of a much smaller quantity than this, 
probably not more than 1 per cent. Samples 34, 35, 37, and 38 are — 
imported samples, all of which have been treated with alkalis, the q 
kinds and percentages of which are, however, unknown. 

The total ash on the samples varies from 7.66 to 11.62 per cent, ql 
with an average of 9.73 per cent. The minimum ash is that of a 
cocoa treated with 4 per cent ammonium carbonate, which will, of 
course, volatilize in the heating which the product subsequently under- 
goes. With this exception the lowest ash is 7.78 per cent, being the 
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ash of a cocoa treated with 2 per cent of a mixture of magnesium 
and potassium carbonates. The maximum ash, 11.62 per cent, is 
that of a cocoa treated with 1.5 per cent potassium carbonate and 
1.5 per cent sodium carbonate. As would be expected, the ash 
varies approximately with the amount of alkali added. 

Water-soluble ash varies from 2.43 to 9.36 per cent, with an aver- 
age of 6.35 per cent. The lowest soluble ash is that of a cocoa which 
is treated with magnesium carbonate, which, of course, is insoluble 
in water. Next to this is one with a soluble ash of 2.87 per cent, 
which has been treated with ammonium carbonate. There are sey- 
eral varying from 3.52 to 4.75 per cent, which have been treated with 
a mixture of magnesium and potassium carbonates. The lowest 
water-soluble ash of those which are treated with soluble nonvolatile 
alkalies is 4.89 per cent. 

The water-insoluble ash varies from 2.20 to 6.48 per cent, with an 
average of 3.38 per cent. The lowest insoluble ash was obtained from 
a cocoa treated with 2.5 per cent potassium carbonate and 10 per 
cent water. The highest is that of a cocoa treated with 1.75 per cent 
magnesium carbonate, which is insoluble in water. Aside from this 
one, the maximum water-insoluble ash is 4.93 per cent. 

The alkalinity of water-soluble ash varies from 2.25 to 11.15 ce 
of N/10 acid per gram. Naturally, those treated with ammonium 
and magnesium carbonates show the lowest soluble alkalinity. Ex- 
cluding these, the minimum is 4cc. As might be expected, the maxi- 
mum alkalinity is shown in those cocoas which have been treated 
with sodium carbonate. The alkalinity of the msoluble ash shows 
no points for discussion. The total alkalinity follows about the 
same order as the soluble alkalinity and for approximately the same 
reasons. 

The protein varies from 27.75 to 36.18 per cent. This latter figure 
is attained on sample 26, which was treated with 4 per cent am- 
monium carbonate. This would probably explain the high protein 
percentage on the theory that a portion of the ammonia was not 
volatilized. EHxcluding this sample, the maximum is 33.79 per cent. 

Table 4 shows the effect on the ash constants of the cocoa of the 
addition of alkali, or the effects of various alkalies on the same blend. 

_ Each pair was made from the same blend of beans and treated as 
| stated in Table 4. 
_ The results obtained are those which are normally expected on a 
treated cocoa, namely, that the total water-soluble ash and the 

_ alkalinity of the water-soluble ash are greatly increased, while the 
water-insoluble ash is decreased. This proves to be the case in 
every sample except sample 26, which shows practically no change 
in the ash constants. It is quite evident that the treatment with 
ammonia has made no change in the ash of the cocoa. Further 
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tables, however, will show that treatment with ammonia can be 
recognized by other changes in the analytical data. Sample 46 gives 
higher figures in all ashes and in all alkalinities than sample 44, due 
to the fact that it has been treated with both magnesium carbonate 
and potassium carbonate, the potassium carbonate increasing the 
water-soluble ash and the water-soluble alkalinity, and the magne- 
sium carbonate increasing the water-insoluble ash and the water- 
insoluble alkalinity. 

TABLE 4.—Comparison of treated and untreated cocoas. 

Alkalinity of ash (N/10 
Ash. acid per gram of 

sample). 
; Protein 

No. Alkali. ee (Nx 

Water-| Wter-| Water-| Water- | eo 
Total. soluble! insol- soluble,| 12S0l- | Total. 

uble. ‘| uble. 

Perncts |eRenctaler ence Ce. Ce. Ce! | Pence 
2 | 2.5 per cent pols carbonate=-ssss5- 8. 36 4.89 3. 47 4.00 4.90 8. 90 31.7 
ia] Untreated ast aeee passe oe eee 7.21 3. 76 3. 45 3. 20 4.90 8.10 31. 93 

15 | 2.5 per cent potassium carbonate, 10 per 
COntswatermen oss eh sea ose ee cmanenee 11.07 8. 87 2. 7.75 4.80 | 12.55 32. 20 

ie mWathoutiwatelsss- esse eeee aoe eee ee 11. 49 8.75 | 2.74 7. 25 6.15 | 13.40 33. 18 
| 

16 | 1.5 per cent potassium carbonate, 1.5 | 
per cent sodium carbonate.........-.-- ; 11.62 9.36) 2.26] 10.35 4.85 | 15.20 31. 92 

12 | 2.5 per cent potassium carbonate.......- | 11.00 8. 08 2. 92 7.35 5.40 | 12.75 33. 79 

22 | 1 per cent potassium carbonate.-.-....... ‘9. 20 5. 82 3. 38 5. 45 5.35 | 10.80 32. 59 
23a nGreated Maem serte seen aoe aoe ee sree 8.57 3.54 | 5.03 2.72! 5.50] 8.20 29. 84 

20 | 2.5 per cent sodium carbonate..........- 19, 45, |) © 85174) = 13528) | ) 11015) 5. 25s ete 40 oes 
19); |\GQUntreated soir ose sec cee cee ce 7. 94 2. 81 5. 13 3. 05 5. 05 8.10 30. 32 

26 | 4 per cent ammonium carbonate.........| 7.66 2. 87 4.79 2. 25 5. 10 7.35 36. 18 
258) Umtrea ted as soa eee Se leaanceeee ae 7. 54 2.73 4.81 2.40 HS 1185 TERS 33. 31 

| 
28 | 1 per cent potassium carbonate........-- 8.31 5. 98 2.33 5. 10 4. 80 9. 90 33. 04 
29 | Untreated eice tess teste ote eoee er 7.37 3. 88 3. 49 3.35 4. 60 8. 00 32.97 

31 | 2 per cent sodium carbonate...........-- 10. 23 7.54] 2.69) 8.601 5.30} 13:90) 29562 
30} Untreated ------- 2 ~~ 22-2 te 8. 34 4.61 3.7 4.05 5. 25 9. 30 31. 48 

33 | 3 per cent sodium bicarbonate.........-- 8. 76 6. 54 2. 22 6. 65 5.05 | 11.70 32. 87 
S24 WWintreate Gee sse seas ia Sete Ree ee ya 7.16 2.99 ZA || 9h 6S) 4.80 7.35 33. 48 

46 | 1 per cent (magnesium carbonate and 
potassimmcarbonate) sesso esses eee 7. 87 3. 52 al Bey |i 8h 11s 5. 05 8. 20 31.31 

44: Untreated 22 8en2 aes oa2 seams eee 6. 94 2. 66 4, 28 | 1.90 4.70 6. 60 30. 02 

Comparison of Tables 2 and 3 shows that the maximum percentage 
of total ash in the alkali-treated cocoas is 2.65 above that in the 
untreated cocoas, and the average is 2.11 higher. A wider varia- 
tion is shown in the water-soluble ash, where the maximum per- 
centage in the alkali-treated is 5.82 higher than the maximum of 
the untreated cocoas, and the average is 3.81 higher. With the 
exception of one sample of the treated cocoa, which has had added 
to it 1.75 per cent magnesium carbonate, the maximum percent-. 
age of water-insoluble ash in the untreated cocoa is 1.56 higher than 
in the treated cocoa, and the average is 1.27 higher. The soluble 
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alkalinity shows a maximum for the treated cocoas of 8.10 cc above 
the maximum for the untreated cocoas, and an average of 3.16 cc 
higher. ‘There is very little difference in the figures on the insoluble 
alkalinities, and this difference would be still slighter if it were not 
for those few samples which have been treated with magnesium 
carbonate and which show a higher water-insoluble alkalinity on 
that account. 

WATER-SOLUBLE MATTER IN UNTREATED AND TREATED COCOAS. 

In order to determine the effect of alkali treatment on the solu- 
bility of the cocoa, the total water-soluble matter was determined in 
both treated and untreated cocoas. This was done.by rubbing up 
10 grams of the cocoa with, 250 cc of water, heating to boiling and 
boiling for a minute, then allowing to stand over night and filtering. 
Fifty ce of this filtrate, corresponding to 2 grams, of the original 
cocoa, were evaporated to dryness and dried to constant weight. 
Thesesolids were then ashed, and the total ash, water-soluble ash, water- 
insoluble ash, alkalinity of the soluble ash, and alkalinity of the insolu- 
ble ash determined on each sample. Nitrogen was determined on a 50 
ce portion of the filtrate, and protein calculated from this determin- 
ation. Itwasnoted that on addition of acid to the watersolution of the 
‘‘Dutched”’ cocoas a flocculent precipitate was thrown down. Upon 
investigation this proved to be a nitrogenous substance. Todetermine 
the amount of this nitrogenous substance present, a measured portion 
of the water solution of the cocoa was made acid with 1 per cent of 
sulphuric acid. This was then filtered, and nitrogen was determined 
upon an aliquot of the filtrate, and the protein calculated therefrom. 
The difference between the protein as here determined and that of 
the total water-soluble protein was the nitrogenous substances pre- 
cipitated by the sulphuric acid. The color value on a brewer’s scale 
of the water solution was determined in a Lovibond tintometer, using 
a -inch cell. In making the water solution the cocoa was weighed 
as it came, but the results were all calculated to a moisture- and fat- 
free basis. These results are listed in Tables 5, 6, and 7. Table 5 

Ve gives the results obtained on untreated cocoas, Table 6 those on cocoas 
treated with alkalies, and Table 7 the comparison of the same blend 
of beans treated in various ways. 

The water-soluble matter in the untreated cocoas varies from 29.16 
to 35.55 per cent, with an average of 31.58 per cent. In the alkali- 
treated cocoas it varies from 24.90 to 37.02 per cent, with an average 

_ of 32.16 per cent. The minimum was obtained on a sample which 
_ was treated with magnesium carbonate, the next lowest being 28.17 

per cent. The maximum percentage of water-soluble material in the 
alkali-treated cocoas is higher than that in the untreated cocoas by 
1.47, while the average is 0.58 higher. This increase in solu- 

45789°—18—Bull. 666-2 
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bility is largely accounted for, however, by the water-soluble 
alkalies which have been added to the treated cocoas. This fact is 
shown by the percentage of water-soluble material less the ash of the 
water-soluble material, in which determination the untreated cocoas 

vary from 23.54 to 30.11 per cent, with an average of 25.53 per cent, 
while the treated cocoas vary from 19.58 to 28.93 per cent, with an 
average of 24.66 per cent, the untreated cocoas havmg a maximum 
percentage 1.18 higher than the maximum of the treated cocoas, a 
minimum percentage 3.96, and an average percentage 0.87 higher. 
There are eight samples of the alkali-treated cocoas which are less © 
than the minimum of the untreated cocoas. 

TABLE 5.— Water-soluble matter in untreated cocoas. 

Water-soluble 
Water-soluble matter. Ash of water-soluble matter. protein Color 

(Nx 6.25) value 
4 per 

| he f cent so- 
N Alkalinity (N/ 10 acid Tnsolu- lution 

NO. ve per gram of cocoa.) blein | (inch - 
Kes sat 7 Water-| Water- lper | _cell, 

Total.| fcc |protein-| otal.| solu- | insolu- Total. | cent | brew- 
a= ps ble. ble. | Water-| Water- sul- er’s 

| Ee: solu- | insolu- | Total. phuric | scale). 
By i ble. ble. acid. 

| | 
' | P. ect. | Per ct. | Per ct. | Per-ct.| Per ct.| Per ct.| Cc. Ce. Cc. | Per ct. | Per ct. |Degrees. 
19 | 33.14 26.79 14.43 6.35 3.54 2.81 2.95 4.65 7.60 22225 0.00 30.6 
23 | 32.30 24.77 15. 26 7.56 3.89 3.67 2.80 4.7 7.50 9.51 0. 00 39.3 
25 | 32.55 26.18 15.16 6.37 3.50 { 2.82 Wath 4.45 6.80! 11.03 0.00 Sis5 
32 | 32.68 | 26.93 16. 60 Onko 4.02 AGS 3.50 3.39 6.85 | 10.33 0. 00 31.3 
36 | 30.98 24.89 12.37 | 6.09 3.16 2.93 1.60 4.95 6. 55 | 12.55 0.00 39,0 
39 | 31.89 PHT 13. 64 6.12 3.01 ad 2.00 4.55 6.55 IRIS 0. 60 syn! 
40 | 31.43 25. 66 14. 40 SLE 2.06 ay Al | 2.45 5.05 7.50 11.26 0. 00 20.0 
41 | 29.79 | 23:70 13.67 6.09 2.94 BelD 2.50 4.80 7.30 10. 03 0. 00 2254 
42 | 30.15 25.19 14.25 | 6. 96 3.53 3. 43 2.50 4.70 7.20 10. 94 0.00 215 
43 | 29.62 | 23.54 12.90 6.08 2.83 3.25 Wass) 4.75 7.10 10. 64 0. 00 29.2 
44 | 30.54 24.12 14.11 6.42 3.55 2.87 2.30 4.50 6. 80 10.01 0. 00 27.2 
45 | 31.25 DAT 13.16 6.48 Sant a bh eS RU 5.15 7.65 11.61 0.00 20.0 
47 | 29.16 23.68 12.74 5.48 2.87 2.61: | 2.45 4.15 6.66 10. 94 0. 00 23.4 
48 ; 31.02} 25.20 14°29')' 5-82 2.59 3.24 2.40 4.75 io 10.91 0.00 27.2 
51 | 30.04 24.55 13.05 5.49 2.23 3.26 Pa by 4.70 6.85 11.50 0. 00 31.8 
54 | 32.17 26. 54 14. 23 5.63 3.04 2.59 | 2.60 3.95 6.59 12.31 0. 00 23.4 
5d | 35.55 30. 11 18. 94 | 5.44 SVS a GOO) BENS 3.85 6. 60 10.17 0. 00 Za. ft 
56 | 33.07 | 27.49] 17.43] 5.58| 3.28] 2.30! 3.10] 4.10] 7.20} 10.06] 0.00 24.6 
5ia| So. 00M e2iewit onl be 5.83 3.81 2.025 2275 3.70 6. 45 11.14 0.00 Dae 
58 | 33.16 | 25. 64 13.63 6.52 3.50 | 2.97 | 2.75 4.65 7.40 12.01 0.00 27.7 

| . eeeeeeee eeeeeeeees eeeeeeeeS  eeeeeeeeeeeeeeeeee 

Max .| 35.55] 30.11| 18.94| 7.56] 4.02] 3.71 | 3.50| 5.15| 7.65] 12.55| 0.00 39.3 
Min.-| 29.16 23.54 12.37 5. 44 | 2.06 1.66 1.60 3.39 6.45 9.51 0.00 20.0 
Aver.| 31.58 Boao 14.47 6.06 qe 2.84 2.54 4.35 | 6. 89 11.06 0.00 27.4 

1 | 28.29 | 21.17 10.78 7.12) 14559 Wye $33 2.00 3.85 5. 85 10.39 0.81 36.8 
13 | 33.69 25.56 14.00 8.13 6.31 1.82 4.90 2.95 7.85 11. 56 1. 66 34.4 
29 | 31.84 26. 15 13. 43 5.69 3.91 1.78 3.50 Sedo «es 12.72 1.96 50.6 
30 | 33.90 26. 96 14.79 6. 94 4.79 2.15 Syily 3.30 8.45 i Ph Ie (a ee SR 29.2 
3 | 28.26 20. 88 8.70 7.38 6.08 1.30 5.80 2.40 8. 20 12.18 5.03 63.4 

14 | 32.55 25.13 iBE TE 7.42 eS PALI 4.05 3.30 7.35 11.98 1.40 28.6 
(IP PALA 18.20 | 9.94 5.01 3.83 1.18 2.50 2.05 4.55 S20 et ee 8.8 

} 
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TABLE 6.— Water-soluble matter in alkali-treated cocoas. 

Water-soluble 
Water-soluble matter. Ash of water-soluble matter, protein Color 

(N x 6.25). | value 
J 4 per 

Alkalinity (N/ d Pitt ap kalinity 10 aci Tnsolu-| lution 
' No. pis per gram of cocoa). plein | G-inch 
| jae eatal Water- | Water- 1per | cell, 
if Total.| free rotein-| Lotal.| solu- | insolu- Total. | cent brew- 

t reg feats ble. ble. | Water- | Water- sul- ers 
ae solu- | insolu- | Total. phuric | Scale). 

ble. ble. | acid. 

PRC PEeLIGh PE eMce. | ence. | ber Ct. | Pen ch. Ce: Ce. Ce. | Perct. | Per ct. |Degrees. 
4} 28.17 | 19.58 6.66] 8.59 7.17 1.42 6. 00 2. 50 8.50 | 12.92 5. 12 67. 4 
2 | 29.59 | 22.61 10.36} 6.98 4.79 2.19 4.45 3. 40 7.85 | 12.25 3.25 53. 4 
5) }29.12 ) 21.05}, 10.15} 8.07 6. 07 2. 00 6. 50 3. 20 9.70 | 10.99 3. 50 48.6 

11 | 31.10 }> 22.17} 10.83) 8.93 7. 88 1.05 6. 90 2.40 9.30} 11.34 2. 30 59.9 
12 | 31.27 | 23.67] 12.31] 8.60 7. 63 97 6.75 2. 90 9.65 | 11.36 2.67 49.3 
15 | 37.02} 27.22] 15.53] 9.80 9. 00 . 80 8. 00 2.10} 10.10; 11.29 79 70.0 
28 | 33.50 |. 25.89 | 12.86] 7.61 6. 53 1.08 5. 00 3.05 8.05 | 13.03 2.32 81.8 
24 | 32.74] 24.86] 14.60] 7.88 6. 02 1.86 | 4.70 3585) "8..90))|) LOR26 38 61.7 
22 | 32.65; 24.06] 13.80) 8.59 6. 83 1.76 | 5.35 3.75 9. 10 10. 26 94 67.3 
33 | 31.26 | 24.76} 13.76} 6.50 5.12 1.38 6. 80 2. 00 8.80] 11.00 1.21 81.4 
@ | 31.40 | 22:84} 12.39] 8.56 7.43 1.13 6.95 2.70 9.65} 10.45 1.65 59.7 

ZOMPSOntenn 2on9an | Las 2cat yd. (9 Caley 62} 10.25 2/109) 102.850) 11-566 3.15 98. 4 
2) | 33.72} 24.62) 13.62) 9.10 8. 38 S174 8. 70 2.90 | 11.60} 11.00 73 85. 2 
31 | 34.385] 26.80] 14.39; 7.55 6. 37 1.18] 10.30 2.25 | 12.55, 12.41 3. 59 76. 2 
18 | 34.48 | 27.11] 15.73 |. 7.37 6. 53 . 84 9.05 2.52 | 11.55 | 11.38 1.72 85.3 
17 | 35.93 |) 27.76 | 15.53 | 8.17 6.77 1. 40 8. 80 2.55 | 11.35 | 12.23 2.79 86.8 
26) 3a. 42)! 28. 22) )) 15:16 |}. 5.20 4.10 1.10 2. 50 3.15 5.65 | 13.06 SCL 68.0 
50 | 24.90 | 20.15] 10.49] 4.75 3. 25 1.50 3. 65 4, 40 8.05 9. 66 1.05 49, 2 
8 | 32.09 | 24.46] 138.38] 7.63 6. 69 . 94 5. 85 3.15 9. 00 11.08 1. 63 47.2 

10 | 34.38 | 26.57 | 14.13) 7.81 6. 51 1.30 4.25 3. 70 7.95 |- 12.44 1.48 29.3 
16 | 36.00 | 25.26; 12.26 | 10.74 8.77 1.97 | 10:45 2.40} 12.85) 13.00 3. 54 3.6 
9 | 33.94] 26.60] 14.59] 7.34 5. 83 1.51 5. 10 3. 65 8.75 | 12.01 1.37 25.5 

52 | 30.54 | 26.05] 14.61] 4.49 3. 56 - 93 4. 60 2. 85 7.45 | 11.44 1. 83 75.8 
53 | 33.15} 28.26] 15.98] 4.89 3. 94 95 5.00 2. 60 7.60 | 12.28 1. 22 69. 0 
46 | 28.82} 23.80} 12.30] 5.02 3.79 1. 23 3. 95 3.45 7.40 | 11.50 2.19 45,4 
49 | 29.68 | 23.10} 13.95] 6.58 5. 05 1. 53 4.50 3. 45 8.05 9.15 89 36.3 
6 | 28.34] 20.31 9.16} 8.03 6. 67 1. 36 6. 50 2. 20 Seid) Wl lated tts, 4.55 73.4 

Max .| 37.02} 28.93 | 17.27 | 10.74 9. 00 2.19 | 10.45 4.40 | 12.85] 138.06 5.12 98. 4 
Min_.} 24.90] 19.58 6.66 | 4.49 3. 25 . 62 2. 50 2.00 5. 65 9.15 38 25.5 
Avg..| 32:16 | 24.66) 13.16| 7.50 6. 22 1.38 6. 33 2. 93 9.26 | 11.50 2.13 64.7 

34 | 39.22} 32.38] 18.86) 6.84 6. 42 42 455 1.35 8.90 | 13.52 3. 45 111.9 
35 | 33.57 | 24.55] 13.92] 9.02 7. 89 1.13 (05 2. 10 9.85 | 10.63 2.19 107.5 
37 | 42.01} 33.68} 17.81] 8.33 7.58 75 7.15 2.45 9.60 | 15.87 4, 83 114.7 
38 | 38.79 | 30.93 | 15.78) 7.86 7.43 43 8. 40 P85) LOS 25 1 3. dF 101.9 

These figures show that treatment with alkali does not increase 
the solubility of the cocoa material, but rather diminishes this solu- 
bility. Inasmuch as it was to be expected that treatment with alkali 
would increase the solubility of the protein and this expectation is 
borne out by the results obtained, the decrease in solubility must be 
due to the fact that the presence of the alkali has an inhibitory action 
on the solution of some of the nonnitrogenous substances. This is 

- plainly shown in the third column of Tables 5 and 6, where the total 
' solids less the protein and ash are calculated. Here the untreated 
_ cocoas range from 12.37 to 18.94 per cent, with an average of 14.47 
_ per cent, while the treated cocoas range from 6.66 to 17.27 per cent, 
with an average of 13.16 per cent, the maximum percentage for 
untreated cocoa being 1.67 higher than that for the treated cocoa, 
the minimum 5.71 higher, and the average 1.31 higher. Nine samples 
of alkali-treated cocoa have less than the mimimum of the untreated 

~ cocoa, 
ny ¥ 
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_ As might be expected, the ash of the soluble matter varies about 
the same as the ash of the cocoa. 

The water-soluble protein is slightly higher in the fies treated | 
cocoas than in the untreated cocoas, the maximum percentage 
being 0.51 higher, and the average 0.44 higher. ~The percentage of 
water-soluble protein insoluble in 1 per cent sulphuric acid, however, 
seems to be an important determination. In every case where the 
cocoa had been treated, more or less nitrogenous matter was precipi- 
tated by the addition of 1 per cent of sulphuric acid to the water- 
solution of the cocoa. This nitrogenous matter, calculated as pro- 
tein, ranged from 0.38 to 5.12 per cent. The total water-soluble pro- 
tein was not increased by any such figure. This would tend to show 
either that the alkah treatment inhibited the solution of some of the 
nitrogenous substances which would normally be dissolved by the 
water, or that'some substance was dissolved by the alkal, which on 
the addition of sulphuric acid had precipitated some of the protein 
which was normally water-soluble. The untreated cocoas showed 
no precipitate on the addition of 1 per cent of sulphuric acid, the 
only exceptions to this being samples 1, 13, and 29, which have 
already been set aside on the ground that they were more or less con- 
taminated with alkali-treated cocoas, having been made in a fac- 
tory which also makes alkali-treated cocoas and passed through the 
same machinery. In no case where the sample was made by a firm 
which makes no alkali-treated cocoa was there any precipitate. 

As might have been expected, the alkal treatment greatly en- 
hanced the color of the water solution. The color values of the 
untreated cocoas ranged from 20 to 39.3, with an average of 27.4, 
those of the treated cocoas from 25.5 to 98.4, with an average of 64.7. 
Only three of the alkali-treated cocoas showed a color value of less 
than 46.4, and 16 showed a color value of over 60. The maxi- 
mum of the alkali-treated cocoas was 59.1 above the maximum for 
the untreated cocoas, and the average was 37.3 above the average 
for the untreated cocoas. 

Samples 1 and 2, representing the same blend of cocoas, sample 1 
being untreated and sample 2 treated with 2.5 per cent potassium 
carbonate, show the effect of treatment. The total water-soluble 
matter, the water-soluble matter less the ash, the water-soluble pro- 
tein, and the color value are increased by the alkali treatment.. The 
nonnitrogenous, nonash soluble solids, however, are found in large 
amount in the untreated cocoa. Samples 15 and 11 represent the 
same blend of beans and the same alkali, but, in addition to the alkali, — 

sample 15 had added to it 10 per cent of water in the treatment. This 
water treatment largely increased the soluble matter and deependd 
the color. Sample 16 was made with 1.5 per cent potassium car-_ 
bonate and 1.5 per cent sodium carbonate, while sample 12 was made 
with 2.5 per cent potassium carbonate. The mixed carbonates in-— 

: 
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creased the total water-soluble matter and the water-soluble matter 
minus the ash, but the nonnitrogenous, nonash soluble matter did 
not vary. Of course, the increase in total amount of alkali increased 
the ash constants throughout. The greatest difference shown by 
these two treatments is the large increase in the color value of the 
solution by the use of the mixed carbonates. As will be shown later, 
this large increasein color is due principally to the action of the sodium 
carbonate. 

TABLE 7.—Comparison of water-soluble matter in treated and untreated cocoas. 

| Water-soluble | 
Water-soluble matter. Ash of water-soluble matter. protein | Color 

(N x 6.25). value 
4 per 

cent so- 
Alkalinity (N/10 acid Tnsolu- | lution 
per gram of cocoa). blein | (4-inch 

No. Wen Ash- Water- | Water- 1 per cell, 
Total. | - fe ~ | and | Total.| solu- | insolu- Total. | cent | brew- 

tee. | protein- ble. ble. | Water- | Water- sul- ers 
free. solu- | insolu- | Total. phuric | Scale). 

ble. ble. acid. 

iPRctoi| rence|pherict. \eenct.|Per ct.| Per ct- Cc. Ce. Cc: Per ct. | Per ct. |Degrees. 
2} 29.59} 22.61] 10.86) 6.98 4.79 2.19 4.45 3.40 U8) | 12625 3.25 53.4 
1B S28529n| peaked On iSilia i. 12 4.59 2.53 2.00 3.85 5.85 | 10.39 81 36.8 

UE ores eed. 220| su loros. | 09-80 9.00 . 80 8.00 2 LOM LOLLO) te. 29 .79 70.0 
DESL OM e227, Ie LOLSSi | 8.93 7.88 1.05 6.90 2.40 9.30 | 11.34 2.30 59.9 

16 | 36.00 | 25.26 | 12.26 | 10.74 Sada) adsl LOAS 2.40 | 12.85] 13.00 3.54 93.6 
D2 Slo2ial 2d.67 | 12.38 1 8.60 7.63 S7 6.75 2.90 9.65] 11.36 2.67 43.3 

22 | 32.65 | 24.06] 13.80] 8.59 6. 83 1.76 5.35 3.75 9.10] 10.26 94 67.3 
783 i) BGR || PAGE |S MGA e aerate) 3. 89 3.67 2.80 4.70 7.50 9.51 . 00 39.3 

20 | 36.72 | 28.93 We Ql zk9 7.14 . 62 10. 25 2lOw ie 12535 11.66 3.15 98.4 
19 | 33.14 | 26.79} 14.43 | 6.35 3.54 2.81 2.95 4.65 TBO eel 2825 . 00 30.6 

26 | 33.42 |, 28:22) 15.16 | 5.20 4.10 1.10 2.50 B35 15) 5.65 | 13.06 iid 68.0 
25 | 32.55 | 26.18 | 15.16] 6.37 3.55 2.82 2.35 4.45 6.80 | 11.03 . 00 31.5 

28 | 33.50 | 25.89] 12.86] 7.61. 6.53 1.08 5.00 3.04 8.05 | 13.03 2.32 81.8 
29 | 31.84 | 26.15} 13.43] 5.69 3.91 1.78 3.50 3410 CoPBy Ns 7? 1.96 50.6 

31 | 34.35 | 26.80| 14.39] 7.55 6.37 1.18 | 10.30 242 ov pal 2zoon alias ail 3.50 76.2 
30 | 33.90 | 26.96 | 14.79 | 6.94 4.79 2215 5.15 3.30 Sadun iy L217 . 00 29.2 

33 | 31.26 | 24.76 | 13.76] 6.50 5.12 1.38 | -6.80 2.00 8.80 | 11.00 2 81.4 
32 | 32.68 | 26.93 16.60 | 5.75 4.02 1.73 3.50 3.35 6.85 | 10.33 . 00 31.3 

46 | 28.82 | 23.80 | 12.30] 5.02 3.79 1.23 3.95 3.45 7.40 11.50 2.19 46.4 
44 | 30.54 24.12 14.11 6. 42 3.55 | 2.87 2.30 4.50 6. 80 10. 01 . 00 Diez 

Sample 22 was treated with 1 per cent potassium carbonate and 
shows a slightly increased total soluble matter, but less ash-free solu- 

ble matter and protein- and ash-free soluble matter. The alkali 
treatment shows an increase in the color value and the expected 
Increase in the ash constants. Sample 20, treated with 2.5 per cent 
sodium carbonate, shows an increase in the soluble solids throughout 
and in the color value. Sample 26, treated with 4 per cent ammonium 
carbonate, shows a slight increase in the amount of soluble matter 
and in the color value of the solution. Sample 28, treated with 1 per 
cent sodium carbonate, shows a larger percentage of total soluble 
Solids, but a smaller percentage of ash-free and protein- and ash-free 
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soluble matter. The color value has also been increased. Sample 29, 
however, shows from the analysis that a certain percentage of alkali- 
treated cocoa is present with it, so that the variations are not as great 
as might be expected. Sample 31, treated with 2 per cent sodium car- 
bonate, shows a comparatively aveill variation in the soluble matter, 
but a large difference in the color value. Sample 33, treated with 3 
per cent sodium bicarbonate, shows a diminution of the soluble matter, 
but an increased color value. Sample 46, which has been treated 
with 1 per cent of a mixture of magnesium and potassium carbon- 
ates, shows less soluble matter than a like sample untreated, but 
shows some increase in the color value of the solution. | 

COMPOSITION OF THE WATER-SOLUBLE MATTER IN UNTREATED AND 
TREATED COCOAS. 

Tables 5, 6, and 7 give the analyses of the water-soluble matter as 
calculated back to the original cocoa. It was deemed advisable to 
calculate the composition of the water-soluble solids of the cocoa. 
This calculation is given in Tables 8 and 9. Comparison of these 
tables shows that the alkali treatment makes a marked difference in 
the composition of the water-soluble matter. Naturally the water- 
soluble matter from the alkali-treated cocoas contains a higher per- 
centage of ash (4.05 on the average),.a higher percentage of soluble 
ash (9.10 on the average), and less insoluble ash (5.05 on the average). 

The alkalinities of the ash are also higher on the treated cocoas, and 
the percentage of the total calculated protein is higher by 1.04 on the 
average. 

TaBLE 8.—Composition of the water-soluble matter of untreated cocoas. 

Alkalinity of ash (N/10 = | 
Ash. acid per gram ofsample). Protein. 

Ash- 
| Precipi free and 

No. ai oe poe ee 

Water |e con Wiaters| aa ccc Y1per| free 
Total. | soluble. eo soluble. see Motal-)) Total: ne solids. 

phuric 
acid. 

IP sop cent.| P. cent.| Cc. CE CoM A PACeit.| ea cent i cent. 
TO pet eee Rae Tee ee 19.16 | 10.68 8.48 8.85 14.05 | 22.90] 36.96 0.00 43.88 
VEY Paty ie ee em NEA Sd 23.39 | 12.03 |} 11.36 8. 75 14.40 | 23.15 | 29.42 0.00 47.19 
DLT AS ARIE I I 0 9 ay ea Ls 19.57 | 10.90 8. 67 7.15 13: 70"). 20285) | 33288 0. 00 46.55 
Via Se oe oe eke ames 2S eee we AS 8 17.60 | 12.30 5:30.) 10:70)| 10:30) |)" 21200 | 31-60 0. 00 50. 80 
SOLE soja, AS teen Se ee Ee 19.64 | 10.20 9. 44 5.15 | 14.40} 19.55 | 40.49 0. 00 39. 87 
OO se Se 55 nee eee Sone nee 19.18 9. 45 9.74 6.30 | 14.30} 20.60] 38.03 0.00 42.79 
AS BEF ite SE hoe: eet 18. 20 6.49 | 11.71 7.65 | 16.00] 23.65} 35.50 0.00 46.30 
As PE SET Seed EAR ae BOTA a 20. 45 9.88 | 10.57 8.35 | 16.20] 24.55 | 33.66 0. 00 45.89 
AOR ee Ue Ee ie ag Ce RE PAN) | ble 72 | wes y/ 8.25 | 15.60] 23.85 | 36.29 0. 00 40.52 
AS REA tae Sate a Se eI 20. 73 9.66 | 11.07 7.95 16.15 | 24.10] 36.26 0. 00 43.01 
LAID cee Bia Re a Say ce Ne 21.01 | 11.62 9.39 7.50 | 14.80} 22.30] 32.79 0.00 46. 20 
Aas Seale es lean Nae en: We 20.73 | 10.46] 10.27 8.00} 16.45 | 24.45] 37.17] 0.00] 42.10 
Bee oo, SR eae poset ee ee 18. 80 9.83 8.97 8.50 | 914.05 | 22:55 | 37.52 0.00 43.68 
AS ee aes As ae taeine oe | 18.79 8.34 10. 45 Wed ibe || PA |) Bis id 0. 00 46.05 
a) Ue gee he a 2 Pee eine Ser ages 18. 29 7.41 10. 88 7.20 | 15.65 | 22.85 | 38.80 0. 00 42.91 
I Aen are MR ee en es AR 17.49 9.45 8. 04 8.10 | 12.20] 20.30{ 37.97 0.00 44.54 
Do ace . bawe Beh tee ae 15.30 | 10.63 4.67 7.80 | 10.75 | 18.55 | 26.74 0. 00 57. 96 
DOE setae ee ice o aleon Sister ees 16.89 9. 94 6.95 9.30 12.40 21.70 | 30.42 0. 00 52.79 
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TABLE 8.—Composition of the water-soluble matter of untreated cocoas—Continued. 

} yr - 7 

i Ash. acid per gramofsample). Protein. 

| Ash- 

’ Precipi- free and 
h No. j Wat tated ae 

Water-|. = Water-| *¥ ver _, [by lper| tree 
Total, Solute: soluble. ests Total. | Total. | cent solids. 

5 sul- 
phurie 
acid. 

P.cent.| P. cent. . |P. cent. | P. cent.| P. cent.| P. cent.| P.cent.| P cent. 
Ae Set 455 SO ae Ee eae ieoo 11.35 9. 25 10. 90 19.15 33.16 0. 00 49.49 
oe Bee OS FE Toe a RRP 19.66 10.71 8.35 14.00 22.35 36. 22 0. 00 44,12 

Wisbdbebtin es Sees Kae 23.39 12.30 10. 70 16. 45 24.55 40. 49 0. 00 57.96 
Whraiborboe Ako saesoe 15.30 6.49 b5 1 5) 10.30 18.55 26. 74 0.00 39.87 
IRENE SR Sees oe eae 19. 27 10.16 8.01 14.08 22.09 34. 91 0.00 45.83 

OS HO BAG SS a eer ies 25.16 16. 22 7.10 13.60 20:70: 36.:72 2. 86 38212 
BR emt be AEE yb Sade Leta oS. 24.13 18. 73 14.55 8.75 23.30 Sto 4.92 41.56 
Leto otohoeeoSE ah one 17.86 12. 27 11.00 11.80 22. 80 39. 95 6.15 42.19 
Re te ee! ete ls fae rah 20. 46 14.14 15.10 9. 80 24.90 35. 90 0.00 43.60 

3868s a Ree eae eRe ae 26.11 21.51 20.50 8.50 | 29.00 43.10 17.80 30.79 
Ae a5 GO AS OS eee 22. 80 16. 20 12. 40 10. 20 22.60 36. 80 4.28 40. 40 
Nh ko ee eae lie eset. Meera 21.60 16.52 10. 80 8.90 19. 70 35.58 0. 00 42. 82 

TABLE 9.—Composition of the water-soluble matter of alkali-treated cocoas. 

Alkalinity of ash (N/10 2 
Bs. acid per gram ofsample). Protein. 

; Ash- 4 

Precipi-|'7C° 20 
No. ar Picled tee 

Water-|; Wrater-lero Y1per! free 
Total. | soluble. Soluble. ee ee ee oe eonee isolidss 

phuric 
acid. 

P. cent.| P. cent Ce. Ce. Ce. \\P. cent.| P. cent.) P: cent. 
Rte ote Bal OSS 30. 51 25. 47 21.30 8. 90 30. 20 45. 90 18. 20 23. 59 
Colo OSES Soe re) ae re el 23. 58 16. 19 15. 05 11. 45 26. 50 AES 10. 98 35. 69 
oie tho SSO OS Se SaaS 27.71 20. 84 22. 30 11.00 } 33.30 37. 43 12. 02 34. 86 
aS Be eonSohoe One Sass 28. 80 25. 42 22.25 7.75 30. 00 36. 58 7.42 34. 62 
Sb 6 GOO a Sea see 27.50 24. 40 21.60 9.25} 30.85] 36.37 8. 58 36. 13 
+ de bees G4 Aaa een ee eae 26.49 | 24.33 21.55 5. 70 27.25 | 30.50 2.12 43. 01 
dee ERS aOR eres 22.71 19. 50 14. 90 9.15 24.05 | 38.89 6. 91 38. 40 
Eye ate Ae eee sorbt craic Sivas s 24. 06 18. 40 14. 45 12.10 267 ODN noleoe Ga) 44. 61 
2 OOO DE OR ae aes 26. 32 20. 93 16. 65 11.30 27.95 31. 42 2. 89 42. 26 
BOE Peed ene SERS wala Ss 20. 39 16. 04 21.35 6. 25 27.60 | 34.51 3. 81 45.10 
5 OOD ESE RUSS On OR ee 27. 26 23. 66 22.15 8.60} 30.75] 33.28 5. 26 38. 46 
nO BAS See ee ea 21.21 19. 61 27.85 HOM ey son oom colo 8.57 47. 04 
~ bb OSC CRE Oe SH a A See 27. 26 25.11 26.10 8.75 34.85 | 32.97 2.19 39.77 
53 Cb Se O eS ae eee 21.99 18. 55 30. 00 6.50 | 36.50] 36.14 10. 37 45.10 
5 bo bbe SEE ee ee ee 21.38 | 18.95 26. 25 7.25 | 38.50}, 32.99 4.99 45. 63 
0 Oo CESSES eee EEE ae oneaes 22.74 18. 84 24. 50 7.05 BlOD 34. 04 Ue uel 43. 22 
= oC RCE Da On nee ae eee 15. 54 12. 27 7.95 8.95 16. 90 39. 06 5. 30 45. 40 
06 Rees Eee a ee 19. 07 13. 07 14. 70 VE Oo 382540438578 4. 20 42.14 
- SO OSE OSC SRE CE BEES An aee 23.77 20. 85 18. 25 9. 80 28. 05 34. 53 5. 08 38. 70 
i Oezene Stes see ese 22.72 18. 94 12:35 10.75 23.10 36.19 4.31 41.09 
2 be Ce as Cree ee 29. &4 24. 38 29. 00 6. 65 35. 65 36. 12 9.85 34. 04 
- 2d CSG RE EASE eae 21. 60 17.16 15. 00 10.75 23.10 36. 19 4.31 43.05 
- SOB COCU SOO ae eae 14. 69 11.65 5 15. 00 9. 40 24. 40 37.47 6. 00 47. 84 
- oo CEES RS 14.75 11. 88 2. 87 15. 05 7.85 22.90 37. 03 3.65 48. 22 
noe Ie BO eSee Eee ee 17. 40 13.15 4. 25 13. 65 12.10 25.75 39. 90 7. 60 42.70 
= 65 GEE SSR ep et oe oe 22.17 17. 03 5.14 15.15 12. 00 27.15 30. 84 2.99 46. 99 
«0 GOGH ea eee 28. 33 AY 153) 4. 80 22.95 Toth 30. 70 39. 34 16. 05 32533 

Maximum) 2.) ooc2 ks. 30. 51 25.47 7.39 30. 00 i17/5 7A0) 36. 50 45.90 18. 20 48. 22 
Minimum... 5. 22 ole. 14. 69 11. 65 1.60 7.95 5. 70 16. 90 30. 50 TS 23. 59 
PASVCTO SO! fora) (Ses arcieeiels 23. 32 19. 26 4.06 19. 53 9. 27 28. 80 35. 95 6. 74 40. 64 

Picasa snictiocciiciscsmwcccsce 17. 43 16. 36 1.07 19. 20 3. 40 22. 60 34. 47 8. 82 48.10 
soc COOSA ae See 26. 88 23. 51 BY 3i7/ 23. 00 6. 35 29. 35 31. 66 6. 53 41. 46 
cS os eo Ee et 19. 82 18. 05 ev(2 17. 05 5. 80 22. 85 alo Ol 11. 50 42.41 
- .oobttees6Se eee 20. 23 19.11 1.12 21.55 4.85 26. 40 38.98 8. 66 40.79 
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As has been noted, the water-soluble matter of the alkali-treated 
cocoas has present a protein which is insoluble in 1 per cent sul- 
phuric acid. This varies from 1.15 to 18.20 per cent of the solid 
matter. The greatest variation, however, is shown in the nonash, 
nonprotein matter, which varies from 39.87 to 57.96 per cent, with 
an average of 45.83 per cent, on the untreated cocoas, and from 23.59 
to 48.22 per cent, with an average of 40.64 per cent, on the treated 
cocoas. Kleven samples of treated cocoas contain a smaller per- 
centage of ash- and protein-free extract than the minimum of the 
untreated cocoa. This shows still more plainly what was shown in 
the analysis of the cocoas, namely, that the alkali treatment inhibits 
the solution of this nitrogen-free extract. On the other hand, the 
alkali treatment unquestionably increases, to a slight extent, the 
solubility of the protein. 

ASH RATIOS IN UNTREATED AND TREATED COCOAS. 

The ratio of the water-soluble ash to the water-insoluble ash was 

calculated on both the original cocoa and on the water-soluble matter; 
also, the ratio of the alkalinities of the soluble and insoluble ash was — 
calculated on each of these. These results are listed in Tables 10 

and 11. 
TABLE 10.—Ash ratios on untreated cocoas. 

Alkalinity water- Alkalinity water- 
Water-soluble ash soluble ash Water-soluble ash soluble ash 

Water-insolubleash|} Alkalinity water- Water-insoluble ash) Alkalinity water- 
insoluble ash insoluble ash 

No. NO: ——— SS 

Water- Water- Water- W ater- 
Cocoa. soluble | Cocoa. soluble Cocoa. soluble Cocoa. | soluble 

matter. matter. matter. matter. 

iLO ower 0.55 1. 26 0. 61 OS633| 955 eee eee 0. 45 2. 28 0. 48 0. 72 
23 70 1. 06 49 O15 6 eee ee A9 1. 43 4 75 
25 56 125 47 BOQ" Sitka os fee 38 1. 88 39 75 
32 71 223i 52 TOSS (MoS inaaeee eee 39 1.19 | 46 59 
as sae 405) 1. 81 44 36 | _i— | Kime 
SOR . 60 95 . 46 44 Maximum. 5 fk eo . 61 1. 04 
Ai) oe. 49 5 it) . 42 . 48 Minimum. - . 28 BOO . 34 4380 
41 Ol - 93 . 04 51 } Average.... Sort 1. 24 | +t . 59 
42 - 28 1. 03 . 48 53 —————————| >| 
43 . 62 aY/ 44 AQP AE ek sph.) Dek eed 1.09 1. 82 65 53 
44_ . 62 1. 24 41 Le | aS eee, oe es 3. 46 . 93 1. 66 
45 .45 1. 02 .44 AQF 2O R= eee 16 Mk 1. 46 573 - 93 
AT | 3 1.08 39 {60 SO Re ea eee 1e23 2. 23 Ee Lidl 1. 54 
Se 50 . 80 -43 BOI veo eee ne 3. 16 4.70 1.38 2. 43 

51 45 68 39 AGP ALA oes A oe ee 1. 26 2.45 | . 74 122 
54 39 | 1.18 .36 AG TEI dei ates 2 ee . 24 320) 19 1. 21 

Except on those samples which were treated with magnesium or 
ammonium carbonate, the soluble ash is invariably greater than the 
insoluble ash on the treated cocoas, the lowest figure (with the 
exceptions noted) being 0.81 and the average figure 1.88. With the 
exception of samples 1, 13, 29, and 30, which have been excluded 
from the general averages throughout on the ground of having been 
contaminated with more or less alkali-treated cocoa, the correspond- 
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ing ratio for the untreated cocoa has a maximum of 0.71, with an 
average of 0.51. This simply bears out the general belief that in a 
treated cocoa the soluble ash is approximately two-thirds of the total, 
while in an untreated cocoa it is one-third of the total. 

TABLE 11.—Ash ratios on alkali-treated cocoas. 

Water-soluble | Alkalinity water- Water-soluble | Alkalinity water- 
ash. soluble ash ash soluble ash 

Water-insoluble| Alkalinity water- Water-insoluble| Alkalinity water- 
ash insoluble ash ash insoluble ash 

No. No. 

Water- W ater- Water- Water- 
Cocoa. |soluble| Cocoa. | soluble Cocoa. | soluble} Cocoa. } soluble 

matter. matter. matter. matter. 

ANEW ie ee er 5. 06 1. 88 QESGm| NGatmacys oat rvere DD 7.08 1.16 1.85 
Diss eete lh Oe ae 1.41 2.19 5 fey) BPA Podge aesy cer ey 2. 03 5.00 . 76 1. 14 
Gta ye eee ee 1.70 3.01 1232 POO) MV Als ssseccséoqns 4.14 4.46 DR ISS AL 88} 
11D heat ee a eae 3.18 oo) 1.18 DRA BW |e Out hie selekaeine ee 133 3. 84 79 1. 40 
PD eee ayes 5 2.72 7. 83 135 PL As els Gee cios 1. 20 3. 83 .79 1. 59 
ij <5 5 eae 4.03 | 11.45 1.63 BHO Provo esesnee de 1. 34 4.14 . 69 1. 91 
es a etsy Hd Dot 6. 08 1.07 TGQ: AG erie rns Seale . 81 3. 09 . 63 1, ales} 
G7. b8 as St ee 1. 36 3820 . 89 MELO S| AO Ay eee es ley 1. 20 3331 . 90 a2 
DDR ie ade 1. 68 3. 88 1.01 TUN NC Ghee area a ee ee 2. 70 4. 90 1. 62 2. 88 
So Mee ise aks i 2.95 3. 68 1.31 3. 41 — 
Uae ee ee ee 3.16 6. 59 12 2. 59 Maximum. 4.14 12. 20 2.19 4, 87 
Ae apt ae ake QEAOT 2420 Deo 4. 87 Minimum.. Roh 2.18 OS 83 
OF ee ee 2.88 | 11.60 2.19 3. 00 Average ..- 1.88 4.51 1. 26 2531 
Sheen ee Dt 2. 80 5. 39 1. 58 4,62 — = 
ISQGs Sei es 1.59 8.78 1. 44 SG Bybee Saoeascud BE OP |) aS BIH 1 BY 5. 61 
(ee ee es 3. 20 4.83 1. 60 RANI Meghan 4 coe as 2.98 6. 96 2. 93 3. 62 
PAO RA ae ep . 60 oy UN 45 Bee he earl ao eae QUOdu a Ose 2. 02 2. 94 
OBER eaee eae Os 2.18 -38 POPS AL Cateye eyes ese gem ee 4.58 17.16 3.00 4.44 

Similar figures for the ash of the water-soluble matter show a 
wider variation, the ratio for the alkali-treated cocoa showing a 
minimum of 2.18 with an average of 4.51, while the ratio on the 
untreated cocoa has a maximum of 2.31, with an average of 1.24. 
Only one sample of the untreated cocoa is higher than the minimum 
of the treated cocoas. 

The ratio between the alkalinity of the water-soluble ash and the 
alkalinity of the water-insoluble ash on the untreated cocoa varies 
from 0.34 to 0.61, with an average of 0.41. Only two samples have 
a ratio above 0.50. On the alkali-treated cocoas, however, the range 
is from 0.38 to 2.19, with an average of 1.26. Aside from sample 50, 
only one ran below 0.63. This sample had been treated with magne- 
sium carbonate, which, of course, increased the alkalinity of the insol- 
uble ash. In the same ratio of the water-soluble matter the untreated 
cocoas varied from 0.36 to 1.04, with an average of 0.59. Only one 
sample exceeded 0.75. The treated cocoas, on the other hand, varied 
from 0.83 to 4.87, with an average of 2.31, only three samples being 
less than 1.14. The ratios of the water-soluble and water-insoluble 
ash of the water-soluble matter and the ratios of the alkalinities of the 
water-soluble ash and the water-insoluble ash, on both the cocoa and 
the water-soluble matter, are fully as complete evidence of the use 
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of alkali treatment as is the commonly accepted ratio of the water- 
soluble to water-insoluble ash on the cocoa; in fact, in samples such 
as 26, which was treated with ammonium carbonate, and 50, which 
was treated with magnesium carbonate, the ratio of the water- 
soluble ash to the water-insoluble ash of the water-soluble matter and 
also the alkalinity ratio show the presence of an added alkali where 
the ordinary ratio does not. 

ACTION OF VARIOUS ALKALIES ON COCOAS. 

In Tables 3, 6, and 9, the alkali-treated cocoas are listed according 
to the alkali used and according to the percentage of that alkali, 
making it possible to note the action of the various alkalies in their 
various proportions. Results are not exactly comparable, because 
the same blend of beans was not used in each case, but, as showing the 
general effect of each of these alkalies, and as comparing the effects of 
the various alkalies, they are of great value. Samples 34, 35,37, and 
38 are, as has been mentioned, imported cocoas, and the alkali used 
is unknown. Also, as has been pointed out, sample 2, which was 

supposed to have been made with 2.5 per cent potassium carbonate, 
contains less than this amount, judging from the analysis, probably 
as little as 1 per cent. The only points worthy of note in this con-. 
nection in Table 3 are: That the presence of sodium carbonate 
can be detected by the high alkalinities in practically every case; 
that ammonium carbonate exercises no effect on the normal cocoa 
ash, but that it is extremely difficult to remove all of the ammonia, 
as is shown by the fact that the indicated total protein on this sample 
is somewhat higher than normal; that the use of magnesium carbonate 
has the effect of increasing the water-insoluble ash and the alkalinity 
of the water-insoluble ash. In Table 6 the differences in the action 
of the alkali are more apparent. It will be noted that the treatment 
with 2.5 per cent potassium carbonate and 10 per cent of water gave — 
the maximum total soluble matter, the use of the water evidently 
increasing the solubility of the cocoa. A curious point in this con- 
nection is the fact that as the percentage of potassium carbonate 
used increases, the soluble matter decreases, with the exception of the 
one mentioned where water was also used. Therefore, if the intention 
is to obtain a more soluble cocoa, the use of 1 per cent potassium 
carbonate rather than larger amounts is to be recommended. This 
difference is still more apparent when the soluble matter minus the |; 

ash is calculated. Sodium carbonate has a much greater solvent 
action than has the potassium carbonate. Slightly less protein is |, 
dissolved by sodium carbonate than by potassium carbonate, but the 
total soluble matter, ash-free soluble matter, and ash- and protein-free 
soluble matter are greater in those cocoas which have been treated /}) 
with sodium carbonate. A mixture of the two, as shown in sample 
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16, combines to some extent the action of each, inasmuch as the total 
soluble matter is high and the soluble protein is high. The ash- and 
protein-free solids are, however, rather low, as compared with those 
in which sodium carbonate alone was used, thus seeming to indicate 
that potassium carbonate has an inhibitory action on the solution 
of these solids. Sample 50, in which magnesium carbonate was used, 
shows the lowest total water-soluble matter. This is partly due to 
the fact that no soluble alkali is added, as the ash-free solid matter 
is nearer to the average of the cocoas. 

There seems to be no definite relation between the amounts of 
water-soluble protem insoluble in 1 per cent sulphuric acid and 
the alkali used. This figure varies somewhat with the percentage of 
alkal, although by no means in proportion. The color value of the 
solution also shows a very wide range, and seemingly follows no defi- 
nite rule, except that the use of sodium carbonate gives the highest 

values. 
It is interesting to note that three of the four imported cocoas show 

a total soluble matter and an ash-free soluble matter greater than the 
maximum of the domestic treated cocoa, and two of them show a 
ereater ash- and protein-free soluble matter; also three show a higher 
-percentage of soluble proteim than the maximum of the domestic 
products, and all four show a higher color value than the maximum. 
With one exception, the total ash of these products is not appreciably 
oreater than that of the domestic products, and the ash of the water- 
soluble matter falls well within the limits of the domestic products. 
This indicates that the increase in the other constituents is not the 
result of the addition of a larger amount of an alkali, such as sodium 

_ carbonate, but that the difference lies largely in the treatment which 
|} the cocoa undergoes. 

APPEARANCE OF THE COCOAS. 

The color of the dry cocoa in the samples examined varied widely, 
from a light brown to a deep reddish purple. Some of the untreated 
cocoas had a color nearly as pronounced as those that were treated. 
This color is not necessarily the result of any blend of beans, but 
depends largely on the treatment, especially the degree and rapidity 

_ of heating and cooling which the cocoa undergoes in its manufacture. 
s} The color of the dry cocoa seems to have but little connection with 

the color of the water solution. For instance, sample 27, a cocoa 
_ treated by a fermentation process, is among the darkest in the dry 

i) State, but the water solution of this is of a very light straw color, as 

i) may be noted by the fact that the color value of a 4 per cent solution 
' in a }-inch cell was only 8.8. This is the most striking example of 
| the fact that the color of the dry cocoa and that of the water solution 
| bear little or no relation to each other. The same thing was noted, 
| 4 
1 
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to a lesser degree, in a great number of the other cocoas. In some 
cases a cocoa which seems to be of a quite light color when dry shows 
a very high color in the water solution. The color developed in the 
cocoa depends, of course, somewhat on the blend of beans used, but 
to a greater extent on the treatment which the product undergoes. 

CONCLUSIONS. 

The greatest effect of the alkali treatment of cocoas is apparently 
the increase in the color of the water solution. The total water- 
soluble matter is increased but shghtly, and this increase is more than 
accounted for on the ground of the addition of the soluble alkali, the 
ash-free soluble matter being less in the case of an alkali-treated cocoa — 
than in the case of the untreated cocoas. There is a shght increase in 
the amount of water-soluble protein by the alkali treatment. This, — 
however, is more than made up for by the fact that the alkali treat- 
ment exercises an inhibitory action on the solution of the non- 
nitrogenous substances which are normally soluble in water. A 
portion of the water-soluble protein of the alkali-treated cocoas seems — 
to be different from that dissolved in the untreated cocoas, inasmuch — 
as it is rendered insoluble when the water solution is made 1 per cent — 
acid with sulphuric acid. This is a point of difference between alkali- 
treated and untreated cocoas which might well serve for the detection 
of the alkali treatment. 

As has been pointed out by other investigators, the alkali treat- 
ment increases the ratio of the soluble ash to the insoluble ash. This 
is true with all the alkalies employed, except ammonium carbonate 
and magnesium carbonate. Both of these, however, increase this 
ratio in the ash of the water-soluble matter, and this determination 
might serve as a clue to their presence. The ratio of the alkalinities ” 
of the ashes is still more pronounced than the ratio of the ash. The 
presence of an alkali-treated cocoa may therefore be proved by the 
high color value of the water solution, by the presence of a water- 
soluble protein precipitable in 1 per cent sulphuric acid, and by the 
increase in the ash ratios and the alkalinity ratios. 

This investigation proves that the claim that the alkah reac 
increases the amount of cocoa soluble in water is absolutely without 
foundation. 
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